Several new compounds with a pyrochlore-type crystal structure have been synthesized by a low-tempera ture hydrothermal process under N2 atmosphere using a mixture of nitrate salts. The chemical compositions of the new pyrochlores are represented as (a) Y2Sn1.8Cr0.2O7, (b) Y1.8Sm0.2Sn1.8Cr0.2O7, (c) Y1.8Ce0.2Sn Cr0 .2O7, (d) Y1.8Eu0.2Sn1.8Cr0.2O7, (e) Y2Zr1.8Co0.2O7, (f) Ba0.8Y1.2Sn1.8Cr0.2O7, (g) Ba0.6Y1.2Sm0.2Sn1.8Cr0.2O7 and (h) Ca0.8Sm1.2Sn1.8Ni0.2O7. The Ba and Ca-containing pyrochlores exhibited excellent spherical morphology with a pure pyrochlore phase structure and were composed of nanometer-sized particles. A-and B-site doped pyrochlores maintained a fully ordered crystal structure over a wide temperature range. The pyrochlore oxide powders were tested as catalysts for NOx absorption and reduction by CH4. NO could be almost completely converted into N2 using hydrothermally derived pyrochlore oxide catalysts in the absence of oxygen at high temperatures. Rapid absorption of NO into alkali-substituted pyrochlores was effective for NO removal from the gas phase, absorption being significantly accelerated by the presence of oxygen.
Alternatively, if barium is incorporated as the cation at the A-site in the pyrochlore (A2B2O7), then because of its basic ity, one might expect the formation of carbonates and ni trates, particularly in the presence of oxygen. However, yttrium oxide has been examined as a bulk ceramic for high-temperature applications because of its high melting point, phase stability and low thermal expansion.9) Moreover, due to the basic nature of yttrium oxide, it has more recently been found to be an effective catalyst for methane dimerization10) and the selective cata lytic reduction of nitrogen oxide.11) Stannate pyrochlores have attracted much interest for their high efficiency of ox idative coupling of methane, and these materials are also emerging as good catalysts for reactions such as NO reduction.12) This is an important field due to the increasing demands for environment-related high-temperature catalyt ic applications such as the cleansing of automobile exhaust gas.
The objective of this work was to synthesize Y2Sn2O7 type pyrochlore compounds with A-and B-site substitution and also double substitution in the A site, by a hydrothermal method. These stannate pyrochlores produced were tested for NO reduction by CH4, and selective removal of NO over Ba and Ca-containing pyrochlores was also investigated. Various synthesis processes of multicomponent powders with controlled morphology, size, and size distribution, against the different chemical reactivities between starting chemicals, have been reported.13),14) The reported process es, however, require complex steps and/or low concentra tions of the starting chemicals.15) On the other hand, the hydrothermal process is known to be a method for the preparation of fine, high-purity, and homogeneous oxide powders.1) Crystalline powders form as a result of the inter action between the precursor and solution phases in hydrothermal synthesis. The pH of the solution mainly de termines the chemical nature and its reaction of the solution species under a given thermodynamic condition. Therefore, the pH is a key variable in determining the phase composi tion of Y2Sn2O7 in the present study, similar to other hydrothermally derived powders such as PbTiO3, PZT, BaTiO3, TiO2, and ZrO2.16) Below the critical concentration for precipitation, the reaction product was amorphous with a minor phase of SnO2. At pH 7, the reaction product was again mainly amorphous with a minor phase of SnO2. The amorphous gel started to crystallize into Y2Sn1.8Cr0.2O7 at pH 8. However, the crystallization process was sluggish, so that a mixture of poorly crystallized Y2Sn2O7 and the minor phases (SnO2 and YCO3OH) was detected. An increase in the pH facilitates crystallization of Y2Sn2O7. The phase composition of the product obtained at pH 9 was identical to that obtained at pH 8, but crystallinity was higher. Crystalline Y2Sn2O7 with phase-pure pyrochlore structure was formed only when the pH of the hydrothermal reaction medium was above pH 10. At pH 11 or higher, highly crystalline Y7Sn2O7 was produced in less than 40h. Table  1 . SEM observation revealed that the synthesized particles have fairly spherical shapes with rough surfaces, as present ed in Fig. 4 . The sizes of the primary particulates were in the range of tens of nanometers. This indicates that the spherical shapes of powders are retained during hydrother mal treatment. In addition, the sources of A-site ions (bari um or calcium) are incorporated and they are crystallized into the pyrochlore phases under hydrothermal conditions. Ba-and Ca-containing pyrochlore powders showed spherical shape, while all other powders have nearly spherical shape, as shown in Fig. 4 . The particle size also has a relatively narrow distribution. Figure 5 shows transmission electron micrographs of the pyrochlore powders synthesized by hydrothermal treatment. The powders consisted of spheri cal secondary particles composed of small primary particu lates.
3.2
NOx reduction activity of single-or double-substit uted stannate pyrochlore powders Figure  6 shows the temperature dependence of the NO A promotional effect of CH4 on NO conversion to N2 might be expected since CH4 can facilitate the removal of surface oxygen via the reduction of nitrogen oxide species. Indeed, CO2 was observed instead of O2 in the presence of CH4, indicating an interaction between CH4 and surface oxygen.
3. The effect of the contact time (W/F) was also investigat ed, where W is the weight of the Ba0.6Y1.2Sm0.2Sn1.8Cr0 oxide and F is the total flow rate. NO removal was almost constant for contact times of 1.0, 0.5, and 0.24gþsýcm-3 at the start of absorption, whereas it decreased sharply in the case of W/F=0.12gþsþcm-3.
Since a high flow rate led to a rapid saturation of absorption, the total absorption capacity was unchanged with W/F. The contact time and NO con centration did not affect the overall absorption capacity un der the present experimental conditions, and the initial NO removal was high in every case. Therefore, the absorption was regarded as being very rapid. Such rapid absorption is favorable for practical applications of the NO-removal sys tem 4 . Conclusions 
